SECTIONS OFPAEDIATRICS AND UROLOGY, 19 APRIL 1995 Exstrophy of the bladder is rare and the incidence of bladder exstrophy is calculated to be from 1 per 30 000 to 50 000 live births with male to female ratio ranging from 1.5-5 to 1 1 --4. It was found that persistence or overgrowth of the cloacal membrane on the lower anterior abdominal area, prevents normal mesenchymal ingrowth. This causes divergence of the lower abdominal muscular structures and forces the genital ridges to fuse caudal to the cloacal membrane. The stage of ingrowth of the urorectal septum at the time of rupture determines whether one will produce an exstrophic urinary tract alone (classic bladder exstrophy or epispadias) or cloacal exstrophy with the hindgut interposed between the hemibladders 5 ,6.
INTRODUCTION
There is some evidence for genetic predisposition to exstrophy and epispadias. The risk for recurrence of exstrophy or epispadias in a given family is one of 275 births. The likelihood of an exstrophic parent producing a child with exstrophy or epispadias is up to one of 70, or 500 times the risk of the general population7,8. The international clearinghouse of birth defects noted a slightly increased risk of exstrophy or epispadias in children of mothers less than 20 years of agel.
Prenatal diagnosis
Currently, exstrophy of the bladder is relatively rarely diagnosed prenatally. On a retrospective review of 43 prenatal ultrasound studies from 25 pregnancies where live delivery of an infant with classic bladder exstrophy occurred, the authors were able to make the diagnosis of bladder exstrophy in 67% of the cases. However, only in 13% of the patients was the diagnosis of bladder exstrophy made prior to delivery. Five criteria associated with bladder exstrophy were identified. (1) A bladder that was never demonstrated on ultrasound was found in 71% of the cases. (2) A lower abdominal bulge that represents the exstrophied bladder was found in 47% ( Figure 1 ). (3) A diminutive penis with anteriorly displaced scrotum was found in 57% of the males. (4) A low set umbilical insertion was found in 29% of patients ( Figure 2 ). (5) Abnormal widening of the iliac crests was found in 18%. Since the fetal bladder can be seen on prenatal ultrasound after 14 weeks of gestation, the prenatal diagnosis of bladder exstrophy should be entertained anytime the bladder is not demonstrated or if any of the above factors are noted'"! t .
Presentation
The diagnosis of classic bladder exstrophy is usually easily made at birth. Characteristically, the bladder plate is seen protruding just beneath the umbilical cord. The rectus muscles are divergent on either side of the bladder, leading to the separated pubic bones. This separation is caused by an outward rotation of the innominate bones and eversion of the pubic rami. The male infant exhibits a short epispadiac phallus with a dorsal urethral plate, a splayed glans, and dorsal chordee ( Figure 3 ). The cause of the short phallus is separation of the pubic bones and there may also be a true deficiency of corporeal tissue 12 ,13. Despite these abnormalities, the penis in bladder exstrophy patients can generally be reconstructed to be cosmetically and functionally acceptable. Inguinal hernias are very common in exstrophy patients due to large internal and external inguinal rings, and lack of obliquity of the inguinal canal. The incidence of inguinal hernias in boys with exstrophy ranges from 56% to 82% and in girls from 11 % to 15%. The incidence of incarceration of these hernias in exstrophy patients below 1 year of age was 10% to 53%, and therefore it is recommended to repair the hernia at the time of the primary closure. Repair of the hernia requires both excision of the hernia sac and repair of the muscular defect to prevent recurrence 14, 15. The anus may be anteriorly placed and fecal continence may be adversely affected by the divergence of the pelvic musculature. Rectal prolapse may occur in untreated patients, but virtually always disappears after bladder closure or cystectomy, and represents an indication for surgical management of the exstrophied bladderl''. In the female, the genital defect is analogous to the male, but more easily reconstructed. The mons pubis, both hemiclitori and labia are separated and the vaginal orifice is displaced anteriorly (Figure 4 )17. The pelvic floor defect predisposes to uterine prolapse, especially after pregnancy and delivery!".
THE MANAGEMENT OF BLADDER EXSTROPHY
At birth, the umbilical cord should be ligated with suture to avoid bladder mucosal damage which can be caused by an umbilical clamp. The bladder is best protected with clear plastic wrap and each time the diaper is changed the bladder surface should be irrigated with sterile saline and the wrap replaced. In addition, prophylactic antibiotics should be initiated. General and cardiopulmonary assessment should be routine since major surgery in the neonatal period is expected. The urinary tract should be investigated with ultrasound or a radionuclide scan to assess overall function. It is essential that the child be seen by a pediatric genitourinary surgeon with special interest and experience with exstrophy, who can realistically counsel the parents and determine the initial therapy.
Initial bladder closure
Closure of the pelvic ring is of great importance for the initial closure and to the eventual attainment of urinary continence. When the initial closure is carried out within the first 72h of life, while the newborn is still under the affect of the maternal hormone relaxin, the pelvic ring can sometimes be closed effectively without the need for osteotomy I 8. However, when the pubic separation is wide, or the surgery is performed at an older age, or at the time of reclosure (after a prior failed closure), osteotomy is essential to achieve good closure of the pelvic ring. The osteotomy should be performed at the same time of the bladder closure, as it reduces .the tension on the suture lines and secures the closure. In addition, the osteotomy helps to restore the pelvic anatomy and thus increase the chances of eventual continence and reduce the likelihood of uterine prolapse l 9,20. There have been two main approaches to pelvic osteotomy in exstrophy the posterior iliac osteotomy and the anterior innominate osteotomy. The authors current preference is the anterior innominate osteotomy which involves dividing the innominate bone above the acetabulum ( Figure 5 )21,22. Initially the anterior approach was used for failure or late closure of bladder exstrophy with superior results over the posterior iliac osteotomy. These include: no need to tum the patient intraoperatively, less blood loss, better apposition and mobility of pubic rami at the time of closure, and allowing for secure external fixation in the child over 6 months of age. Currently, in many cases of extreme pubic diastasis, combined anterior innominate and posterior iliac osteotomy are done within the periosteum through the same anterior skin incision for better correction/I. Osteotomy of the superior ramus of the pubis (pelvic osteotomy)24,25 is another technique which has been in recent use. Certainly superior pubic ramotomy which was successfully utilized in neonates for primary closure is not sufficient for reclosure or for late closure of bladder exstrophy.
Patients undergoing closure without osteotomy and those who had only a posterior osteotomy are maintained in modified Bryant's traction for 4 weeks. If anterior Figure 5 The anterior Innominate osteotomy osteotomy is performed, the external fixator is left in place for 4-6 weeks, and light Buck's traction is maintained with the legs supported only on a pillow.
The bladder closure starts with dissection and excision of the umbilicus. The bladder muscle is freed from the rectus sheath on each side. The peritoneum is exposed above the bladder, and a careful extraperitoneal dissection reveals the retropubic space on each side. The wide band of fibers and muscle representing the urogenital diaphragm is detached subperiosteally from the pubis bilaterally down to the inferior ramus to allow the bladder neck enough mobility to fall within the pelvic ring. The bladder is closed in the midline. The urethra is also closed proximally over a 14 F catheter. The urethral opening should allow enough resistance to stimulate bladder growth and prevent bladder prolapse, but not too much that might cause dilatation of the upper tracts. The suture line should be covered with a second layer of local tissue.
The bladder is drained by a suprapubic malecot catheter for four weeks and a ureteral stents for 2 weeks to avoid ureteral obstruction and hypertension. The urethra is not stented in order to avoid pressure necrosis and prevent accumulation of infected secretions. After the bladder and urethra are closed and all drainage tubes are placed, the pelvis is closed by placing medial pressure on both greater trochanters. A number two Nylon horizontal mattress suture is placed in the pubis with the knot tied away from the neourethra. A simple umbilicoplasty is performed with a U shaped skin flap, and the drainage tubes are brought out through this site.
If the male urethral plate is too short to allow primary closure, it can be elongated by using para-exstrophy skin flaps26. However, in a review of 78 patients who had paraexstrophy skin flaps as part of their initial reconstruction, there was a 40% complication rate, most commonly a urethral stricture/". Therefore, the authors have reduced their use of this technique, and when necessary, it is very important to follow plastic surgical principles to ensure viability of the rotational flaps28. In the female paraexstrophy skin flaps should never be used, since it is associated with very high complication rate especially urethro-vaginal fistula/". Broad-spectrum antibiotics are administered before, during and after the procedure in order to prevent contamination of the clean surgical wound from the colonized bladder exstrophy. Through the same surgical incision bilateral inguinal exploration is performed and hernia repair is performed if hernias are found.
The factors which are important for achieving successful primary closure have been well documented, these include: Figure 6 ). Generally, vesicoureteral reflux is demonstrated in 100% of the cases. In addition, the bladder capacity should be at least 60 ml before any attempt at a continence procedure. Occasional patients will develop recurrent pyelonephritis without bladder outlet obstruction and bilateral ureteral reimplantation will be performed as a separate stage prior to bladder neck reconstruction. If uncontrollable hydronephrosis develops, revision of the bladder outlet is performed. Rarely, a child will require urinary diversion, either to a nonrefluxing colon conduit-", or as a single stage reconstruction with bladder augmentation and continent diversion to protect renal function33.
Epispadias repair
Epispadias repair is usually performed at 2-3 years of age before the continence procedure since it has been shown that the epispadias repair contributes Significantly to the development of bladder capacity. A median increase in bladder capacity of 54.5 ml was achieved-" after primary epispadias repair in exstrophy males with bladders smaller than 60 ml. As boys with bladder exstrophy have a small penis with little extra penile skin, stimulation with intramuscular testosterone (2 mg/kg) 5 and 2 weeks should precede the surgical repair 35 . The goals of penile reconstruction in exstrophy patients are: reconstruction of the urethra and glans penis, releasing of the potential penile length, correction of dorsal chordee and achieving adequate skin coverage. There are several approaches to epispadias repair. If an adequate urethral plate is available it can be tubularized in situ as in the modified Young urethroplasty''", or tubularized and transferred to the ventral side of the corpora as in the Cantwell-Ransley urethroplasty''". However, if the urethral plate is too short it can be lengthened or completely replaced with free skin grafts or pedicle fl aps 38,39. Currently, the Cantwell-Ransley urethroplasty is the preferred technique for epispadias repair at the authors' institute 40 ,41. A ventral circumcising incision is made, and the ventral corpora degloved. The central mesentery of vascularized tissue which leads dorsally to the base of the urethral plate is carefully spared. An incision is made in either side of the urethral plate leaving an adequate width for tubularization. Then the corporal bodies are freed completely from the glans to the proximal urethra. The urethral plate is tubularized over a 10 Fr silicone urethral stent, the corporal bodies are then rotated inward over the urethra and sutured together with a 5-0 polydioxanone suture, with or without creating windows in the tunica albuginea of the dorsal corpora. Then, reapproximation of the glans is undertaken, which is important both to function and to a pleasing cosmetic appearance. The area corresponding to the urethral meatus has a dorsal orientation and it can be advanced by making a vertical ĩci si on in the midline and closing it horizontally. The glandular urethral plate is closed using absorbable sutures and the lateral glans on either side is completely denuded of skin to allow closure of the glans over the closed urethra. Then the shaft is recovered with skin that may be obtained by transferring the ventral prepuce to the dorsum of the penis (Figure 7 ). 
Bladder neck reconstruction
Bladder neck reconstruction is usually performed at age of 4 to 5 years, when the child is old enough to cooperate with toilet training. The bladder capacity is measured under anesthesia, if the capacity is 60 ml or greater, bladder neck reconstruction can be considered. Since all exstrophy patients have vesicoureteral reflux, an antireflux procedure is required at the time of bladder neck reconstruction. The bladder is exposed and opened using a midline or a lower transverse incision and the bladder neck is dissected completely free of surrounding structures. The intersymphyseal bar can be incised to enhance visualization. After bilateral crosstrigonal or cephalotrigoal 42 ureteral reimplantation is performed, a 15 mm width mucosal strip extending from the midtrigone to the prostatic urethra in a length of 3em, is outlined. Then triangles of bladder wall lateral to this strip are denuded of mucosa. The mucosal strip is rolled into a tube over an 8 Fr urethral catheter, using interrupted 4-0 polyglycolic acid sutures. The denuded muscle flaps are overlapped and sutured in place with 3-0 polyglycolic acid sutures to reinforce the neo-bladder neck.
Intraoperative urodynamics may be helpful in assessing the adequacy of the reconstruction. Retrospective comparisons of the values of intraoperative urethral pressure profiles demonstrate correlation with eventual continence or incontinence. Closure pressures of 70 to 100 emH 20 are required to prevent leakage when the bladder pressure is raised to 50 emH 20 intraoperativelyt". Suspension of the bladder neck and proximal urethra in the manner of Marshall, Marchetti and Krantz further enhances the urodynamic parameters at the time of surgery44. At the end of the procedure the adequacy of the reconstruction is tested by a water manometer.
Complete urinary drainage is achieved with ureteral stents and suprapubic cystostomy tubes. Usually no tube is left through the bladder neck. Postoperative bladder spasm and pain call be prevented through the use ofbenzodiazepines, anticholinergic, nonsteroidal antiinflammatory agents or epidural analgesia. Three weeks postoperatively a soft 8 Fr catheter is passed per urethra for calibration and the suprapubic tube is clamped prior to removal to assure adequate voiding. After removal of the suprapubic tube, it is expected that there will be a short dry interval. Intially, the bladder capacity is quite small and the patients are not familiar with the sensation of bladder filling or the need for detrusor contraction. Therefore, several months of readjustment often is required before a reasonable dry interval is achieved. Hints of initial success are an early dry interval of 15 min and the absence of stress incontinence or continuous urethral dribbling.
Results
The results of functional closure of bladder exstrophy can be expected to be as high as 75-85% continence rate with preservation of renal function, as documented by several series 4,34,45,46. The success of initial bladder closure impacts significantly on the eventual ability to achieve continence through spontaneous voiding without the use of clean intermittent catheterization'<U. After one failure the chances to achieve capacity for bladder neck reconstruction is reduced to 40%47. After more than two prior failed exstrophy closures only 40% achieve enough bladder capacity for bladder neck reconstruction, and only 50% achieve continence, so that only 20% are voiding spontaneously and continentt'', An initial bladder closure can be expected to be successful when performed at a centre with a large experience-with osteotomies when needed, and with appropriate pelvic fixation and immobilization/.
Recently, with the introduction of the Cantwell-Ransley epispadias repair, better results can be achieved as compared to the modified Young technique. The Cantwell-Ransley technique achieves a straighter urethra that is easier to catheterize, has less chordee, better cosmesis and lower chances for urethrocutaneous fistulae (15% only)49,50.
Alternatives for exstrophy reconstruction
Unfortunately, not all exstrophy patients will be candidates for functional reconstruction, usually because of very small bladder plates or hydronephrosis. In the past formation of ureterosigmoidostomies was the most popular technique. This procedure allows children to achieve continence and have protected upper urinary tracts, once nonrefluxing ureterocolonic anastomosis were perfected. However, ureterosigmoidostomy have several potential problems, first the anal continence may be affected by the anterior displacement of the anus and the anterior separation of the 43P JOURNAL OF THE ROYAL SOCIETY OF MEDICINE Volume 89 January 1996 44P puborectal sling. Therefore, the ability of the child to retain an enema should be assessed prior to consideration of diversion to the rectosigmoid. However, long-term complications of ureterosigmoidostomy include: recurrent acute and chronic pyelonephritis, urolithiasis, hyperchloremic hypokalemic metabolic acidosis, ureteral obstruction and the late development of colonic malignancy51.52. Based on experiments in rats, for tumor development; urine, feces, ureteral mucosa and colonic mucosa in contact one with each other are required53.
Ileal conduit urinary diversion was initially felt to be ideally suited to exstrophy patients, however 15 year followup studies revealed significant long term complications currently ileal conduits are no longer considered to be an acceptable method of urinary diversion in children-". The non-refluxing colon conduit urinary diversion seems to achieve better long term results than ileal conduits. Moreoever, secondary anastomosis of the colon conduit to the rectosigmoid, can be carried out after the child achieves anal continence. Thus, the fecal stream is not in contact with the ureterocolonic anastomosis--.
Another method of undiverting a colon conduit is that of Arap et al. 56 . In this technique, the colon conduit is anastomosed to a neourethra consisting of the entire exstrophy bladder formed into a tube.
In our series, a variety of reconstructive techniques have been used as salvage procedures, including continent urinary diversion using the Mitrofanoff Benchekroun and Indiana procedures57. However, the authors recently abandoned the Benchekroun continent stoma secondary to a high rate of stomal stenosis.
Our approach in patients who have failed bladder neck reconstruction and have an inadequate bladder capacity is to perform bladder augmentation and continent diversion using the Mitrofanoff principle. In multiple failed closures or newborns with exstrophy and an extremely small bladder (less than 3 ml at birth), a non-refluxing colon conduit is performed initially and after the age of 5 to 6 years the colon conduit is converted to a continent diversion or is anastomosed to the sigmoid thus achieving continence through the anal sphincter.
The psychosocial effects and the results of exstrophy in the aduJt life
In a pilot study, 40 patients of various ages with bladder exstrophy and their parents were assessed with a standardized psychiatric diagnostic questionnaire and interviews. It was found that 70% of the adolescents and 33% of school aged children had behavioral, social and school competency problems. Both externalizing and depressive problems were present, with avoidance of social contacts. These behaviours tended to deteriorate with age. Also, concern about the children's sexual function or sexual disfigurement was present in nearly 70% of the participants or their parents. Initiation of sexual activity tended to be delayed in both girls and boys until early adulthood. The mechanics of sexual intercourse as well as anxiety about the appearance and adequacy of their genitalia, were seen as a barrier to relationship by both adults and all of the older adolescents(Reiner WG, personal communication).
The staged reconstruction of bladder exstrophy generally achieves very good results as far as continence and cosmetically pleasing genitalia 34•46. However, by the time of puberty through adulthood, other factors gain more importance for these patients such as sexuality, sexual function, fertility, self esteem and psychosocial integration. Recently, the authors reviewed these aspects in 20 adult (16 men, 4 women) exstrophy patients who filled an anonymous questionnaire and had their charts reviewedt'', Of these patients, six are married (four men, two women), two men have fathered two and three children, respectively, and one woman has two children. Ten of the 16 men (63%) ejaculate a few millilitres in volume, while a clear history of retrograde ejaculation was reported in six patients. Semen analysis was obtained in four patients with an average ejaculate volume of 0.4ml (range 0.2-1 ml) three of whom had azoospermia and one oligospermia. One of the patients with azoospermia underwent a bilateral vasogram which revealed bilateral complete obstruction of the ejaculatory ducts.
All men experienced normal erections which were described as unsatisfactory in seven because of small penis, and 12 (75%) experienced satisfactory orgasms. Ten patients had sexual intercourse with full partner satisfaction in nine of them. All four women have been involved in sexual intercourse and three had experienced orgasms which were described as satisfactory by two patients, and with full partner satisfaction in all. Half of the men and all women describe their intimate relationship as serious and long term. Ten patients are in college, five study in the university, three have graduated high school, one finished fifth grade and eighth grade, respectively.
Stein et 01. S9 reviewed 31 adult male exstrophy patients who underwent ureterosigmoidostomy. All of their patients had normal erections and only 7% of them are unemployed. Five of these patients who did not undergo reconstruction of the external genitalia had normal ejaculation and two fathered children. They conclude that in males the reconstructive surgery is performed at the expense of fertility. Feitz et al. 60 looked specifically at the psychosexual and socioecomomic development in 22 patients most whom underwent urinary diversion. They found that all have a positive attitude towards life. However, only seven of the 10 men described their erections as satisfactory and four complained of retrograde ejaculation. Also, penile length and chordee were the most embarrassing issue for these young men.
CONCLUSIONS
All the above studies and others 61 ,62 suggest; (a) that education, employment and family life have not been substantially affected; (b) the fertility of the male is in doubt secondary to reconstructive surgery of the urethra and bladder neck, possibly due to recurrent epididymitis and retrograde ejaculation; (c) that erection, sexuality and sexual function are well preserved although the patients are bothered by their small penile length and dorsal chordee; and (d) females have normal fertility, sexuality and sexual function.
